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.2012.12.0Abstract This experiment was carried out to evaluate the effects of the probiotic Bacillus subtilis
on survival, growth, biochemical constituents and energy utilization in Macrobrachium rosenbergii
PL. Experimental diets were the same in all, except for the variation in probiotic levels. The probi-
otic B. subtilis was used at 0% (diet 1), 1% (diet 2), 2.0% (diet 3), 3.0% (diet 4) and 4.0% (diet 5)
inclusion in the experimental diets. These diets were fed to M. rosenbergii PL for a period of
90 days. The growth parameters, such as survival, weight gain, speciﬁc growth rate, feed conversion
efﬁciency and protein efﬁciency rate were signiﬁcantly (P< 0.05) higher in 3% B. subtilis incorpo-
rated diet fed PL followed by other experimental groups than the control. Similarly the biochemical
constituents of the protein, amino acid, carbohydrate, lipid and ash content were signiﬁcantly
(P< 0.05) higher in 3% B. subtilis incorporated diet fed PL. The energy utilization parameters,
such as feeding rate, absorption rate, conversion rate and metabolic rate were signiﬁcantly
(P< 0.05) higher in 3% B. subtilis incorporated diet fed PL. From the results of this experiment,
we conclude that B. subtilis can be used as a probiotic inM. rosenbergii culture, to enhance the sur-
vival, growth and improved energy utilization performance.
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09Introduction
The animal protein for human consumption is rapidly in-
creased, which is mainly depend upon the terrestrial and aqua-
tic farm animals. Macrobrachium rosenbergii, known as the
giant river prawn, Malaysian prawn, freshwater scampi (espe-
cially in India) is a species of freshwater shrimp native to the
Indo-Paciﬁc and northern Australia. The feeding habits of
M. rosenbergii were studied by Ling (1969) who reported that
it is omnivorous. Aquaculture, however, is an increasingly
important option in animal protein production. This activityuction and hosting by Elsevier B.V. All rights reserved.
196 C. Seenivasan et al.requires high-quality feeds with a high protein content, which
should contain not only the necessary nutrients but also com-
plementary additives to keep organisms healthy and promote
favourable growth. Some of the most utilized growth-promot-
ing additives include hormones, antibiotics, ionophores and
some salts (Fuller, 1992; Gongora, 1998; Klaenhammer and
Kullen, 1999). Although these do promote growth, their im-
proper use can result in adverse effects in the animal and the
ﬁnal consumer, as well as lead to resistance in pathogenic bac-
teria in the case of antibiotics. This situation paved the way for
the search for an alternative to the antibiotics. Success of qual-
ity seed production depends mainly on the availability of suit-
able food that is readily consumed, efﬁciently digested and that
provides the required nutrients to support good growth and
health (Tovar-Ramirez et al., 2002; Wache et al., 2006).
The term ‘‘probiotic’’ was introduced by Parker (1974).
According to his original deﬁnition, probiotics are ‘‘organisms
and substances which contribute to intestinal microbial bal-
ance’’. A growing number of studies have dealt explicitly with
probiotics, and it is now possible to survey its state of the art,
from empirical use to the scientiﬁc approach (Wang et al.,
2005; Wang and Xu, 2006; Vine et al., 2006; Wang, 2007;
Kesarcodi-Watson et al., 2008). Although probiotics for hu-
man and terrestrial animals are dominantly lactic acid bacteria
(LAB), many different genera, including photosynthetic bacte-
ria, yeast and Bacillus have been evaluated as probiotics in
aquaculture (Gunther and Montealegre, 2004; El-Haroun
et al., 2006; Shelby et al., 2006; Aly et al., 2008a,b). Appropri-
ate probiotic applications were shown to improve intestinal
microbial balance, thus leading to improved food absorption,
and reduced pathogenic problems in the gastrointestinal tract
(Rengpipat et al., 1998). The main probiotic bacteria docu-
mented in shrimp grow-out are Bacillus spp., strains (Ziaei-
Nejad et al., 2006), such as B. subtilis (Vaseeharan and
Ramasamy, 2003) or gram-negative bacteria strains (Alavandi
et al., 2004; Vijayan et al., 2006). Saad et al. (2009) have
reported use of Biogen as probiotics for M. rosenbergii PL.Table 1 Ingredients and proximate composition of experimental di
Ingredients (g/kg1) Control (BI) Expe
1% B
Fish meal 33.84 33.
Groundnut oilcake 25.00 25.
Soybean meal 24.00 24.
Corn ﬂour 4.00 3.
Egg albumin 5.06 5.
Topica ﬂour 5.10 5.
Cod liver oil 2.00 2.
B-complex Vitamin mix 1.00 1.
B. subtilis (BS) 0 1
Total 100 100
Proximate composition
Protein (%) 40.10 40.
Carbohydrate (%) 21.76 21.
Lipid (%) 9.28 9.
Ash (%) 14.00 13.
Moisture (%) 9.50 9.
Digestible energy (kcal/kg1) 3296.86 3262.
BI, Basal ingredient.
BS, B. subtilis.Shinde et al. (2008) reported use of different commercial pro-
biotics by administering as supplements through feed to PL of
M. rosenbergii. Venkat et al. (2004) had worked out different
modes of administration of probiotics to M. roesenbrgii PL
either through feed or as bio-encapsulated in Artemia. The
present study attempted to investigate the effect of a probiotic,
B. subtilis on the survival, growth, biochemical constituents
and energy utilization of M. rosenbergii PL.Materials and methods
The post larvae of freshwater prawn, M. rosenbergii (PL 15)
were purchased from Happy Bay Annexe, Kanchipuram,
Tamilnadu, India and were stocked in a cement tank
(1000 L) ﬁlled with freshwater. The PL were acclimatised at
ambient laboratory conditions for 15 days (up to PL 30) and
starved for 24 h before the commencement of the feeding
experiment. The experimental water had these physicochemical
parameters: pH, 7.00 ± 0.10; total dissolved solids,
0.94 ± 0.08 g/L1; dissolved oxygen, 7.20 ± 0.20 mg/L1;
BOD, 34.00 ± 2.00 mg/L1; COD, 130.00 ± 10.00 mg/L1
and ammonia, 0.028 ± 0.006 mg/L1.
Diet preparation
The composition of the experimental diets is given in Table 1.
The probiotic B. subtilis (Tablets, India Ltd.), one gram of
lyophilized powders contains 10 · 107 cfu cells. B. subtilis
was incorporated in to the test diets at four different concen-
trations individually at 1%, 2%, 3% and 4% respectively. Diet
without probiotic incorporation was served as control. Diet
formulation was done basically by ‘‘Pearson’s square-method’’
using determined values of 40% protein content (Table 1). The
proportion of each ingredient required was calculated precisely
providing allowance for the premix. The dough was steam
cooked and cooled to room temperature. After that differentets.
riment (B. subtilis incorporated)
S 2% BS 3% BS 4% BS
84 33.84 34.84 35.84
00 25.00 25.00 24.00
00 23.00 21.00 20.00
00 3.00 3.00 3.00
06 5.06 5.06 5.06
10 5.10 5.10 5.10
00 2.00 2.00 2.00
00 1.00 1.00 1.00
2 3 4
100 100 100
00 39.63 39.52 39.40
10 20.71 20.01 19.50
24 9.17 9.08 8.90
00 12.00 13.00 14.00
90 9.40 9.10 9.10
52 3228.17 3193.83 3159.49
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diets were pelletized separately with a locally made (Kolkata,
India) hand pelletizer. The pellets were dried in a thermostatic
oven (M/s Modern Industrial, Mumbai, India) at 40 C until it
reached constant weight and stored in airtight jars at room
temperature. The proximate biochemical composition of the
experimental diets, total protein (Lowry et al., 1951), amino
acid (Moore and Stein 1948), lipid (Folch et al., 1957), carbo-
hydrate (Roe, 1955), ash and moisture contents (APHA, 2005)
were determined. These diets were freshly prepared after every
30 days to ensure high probiotic viability throughout the dura-
tion of trail. In the control diet, no B. subtilis was found
throughout the duration of feeding trail.
Feeding experiment
Macrobrachium rosenbergii (PL-30) with the length and weight
of 1.42 ± 0.21 cm and 0.21 ± 0.03 g respectively were used for
feeding experiment. 40 PL for each diet in triplicate were main-
tained in plastic tanks with 20 L water. The PL was maintained
at the stocking density of 2/l. One group served as control,
which devoid of probiotics (0%). The experimental groups
were fed with the respective concentration of B. subtilis incor-
porated diets. The feeding was adjusted to two times a day
(6:00 am and 6:00 pm). The daily ration was given at the rate
of 10% of the body weight of PL with two equal half through-
out the experimental period. The unfed feed, faeces and moult
if any, were collected after the respective hours of feeding. The
feeding experiment was prolonged for 90 days; mild aeration
was continuously given in order to maintain the optimal dis-
solved oxygen level.
Determination of growth parameters
At the end of feeding trial, the growth parameters such as sur-
vival rate (SR), weight gain (WG), speciﬁc growth rate (SGR),
feed conversion rate (FCR), feed conversion efﬁciency (FCE)
and protein efﬁciency rate (PER) were individually determined
by following equations.
SR ð%Þ ¼ ðTotal No: of live animalsÞ=ðTotal No: of initial animalsÞ  100
WG ðgÞ ¼ Final weight ðgÞ  Initial weight ðgÞ
SGR ð%Þ ¼ ðlog w2 log w1Þ=t 100 (where, w1 &
w2 = Initial and Final weight respectively (g), and t= Total
number of experimental days)
FCR ðgÞ ¼ Total Feed intake ðgÞ=Total weight gain of the prawn ðgÞ
FCE ð%Þ ¼ Biomass ðgÞ=Total Feed intake ðgÞ  100
PER ðgÞ ¼ Total Weight gain of PL ðgÞ=Total Protein consumed ðgÞEnergy utilization
The energy content of whole prawns, feeds, moult and faeces
was measured using Parr 1281 Oxygen Bomb Calorimeter.
The energy utilization was calculated using the equation
(C = (P + E) + R+ F+U) derived by Petrusewicz and
Macfadyen (1970); where, C is the energy consumed in food;
P is the growth; R is the material lost as heat due to metabo-
lism; F is the energy lost in faeces; U is the energy lost in excre-
tion and; E is the energy lost in exuvia.Feeding Rate ¼Mean Food Consumption kcal=day
Initial live weight of the prawn ðgÞ
Mean Absorption ¼ Mean Food Consumption kcal
Mean Food Excreted as Faeces k cal
Absorption Rate ¼ Mean Absorption ðkcal=dayÞ
Initial live weight of the prawn ðgÞ
Mean Conversion ¼Mean weight gain ðkcal=dayÞ
þMean exuvial weight ðkcal=dayÞ
Conversion rate ¼ Mean Conversion ðkcal=dayÞ
Initial live weight of the prawn ðgÞ
NH3 Excretion Rate ¼ Mean NH3 Excretion ðk cal=dayÞ
Initial live weight of the prawn ðgÞ
Metabolic rate ¼ AR ðkcal=g=dayÞ  CR ðkcal=g=dayÞ
þNH3ER ðkcal=g=dayÞ
(where, AR, Absorption rate; CR, Conversion rate: ER,
Excretion rate)Biochemical constituents of the experimental animals
In the initial and ﬁnal days of the experiment, the biochemical
constituents of PL were determined. The biochemical constitu-
ents, such as total protein (Lowry et al., 1951), amino acid
(Moore and Stein, 1948), lipid (Folch et al., 1957), carbohy-
drate (Roe, 1955), ash and moisture contents (APHA, 2005)
of individual diet fed prawns were analyzed.Microbial study
The control water, control, and experimental PL (B. subtilis of
332 · 104 cfu cells incorporated diet only, the best concentra-
tion) guts were subjected to bacterial culture. The experimental
PL was deactivated by keeping them in freezer at 20 C for
10 min. Then the surface was sterilized with 50 ppm formalin
for 30 s in order to remove the external ﬂora. Then the diges-
tive tract was dissected out individually and homogenized with
phosphate buffered saline (pH 7.2) under aseptic condition.
Afterwards the homogenate were serially diluted up to 105
dilution individually. From this 0.5 mL of aliquots were taken
and mixed with agar nutrient broth for 24 h at 35 C. 0.1 broth
culture was seeded over the surface of freshly prepared nutri-
ent agar plates and incubated at 37 C for 24 h. The presence
of B. Subtilis, Bacillus sp., Pseudomonas sp., Escherichia coli,
Streptococcus sp. and Klebsiella pneumoniae colonies were
identiﬁed and they were conﬁrmed through routine bacterio-
logical tests (Holt et al. 1996; APHA, 2005). The B. subtilis
speciﬁc culture media plate was prepared by the method of De-
main et al. (1958). The following tests, such as gram’s staining,
motility test, indole test, methyl red test, Voges-Proskauer test,
citrate utilization test, starch hydrolases, gelatin hydrolases, ni-
trate reduction test, oxidase test, catalase test, glucose test, lac-
tose test, sucrose test and manitol tests were conducted. All the
microbiological procedures were followed by Bergey’s manual
(Holt et al., 1996).
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One way analysis of variance (ANOVA) using SPSS (version
13.0) was applied determine whether signiﬁcant variation be-
tween the treatments existed. Difference between means were
determined and compared by DMRT test. All the tests showed
a signiﬁcance at P< 0.05. Data are reported as means ± stan-
dard deviations.
Results and discussion
Biochemical constituents of experimental diet
The biochemical constituents of B. subtilis incorporated diets
are presented in Table 1. The level of protein and lipid were
found to be almost 40% and 9% respectively. The level of car-
bohydrate was found to be between 19.50% and 21.76%
respectively. The levels of ash and moisture contents were be-
tween 12.00–14.00% and 9.10–9.90%. The digestible energy of
these diets was ranged from 3228.17 to 3296.86 kcal/kg1 (Ta-
ble 1). It has been reported that theM. rosenbergii required 35–
40% protein, 3–8% lipid and 25–35% carbohydrate as opti-
mum in the diet (Swamy, 1995; Mitra et al., 2005; Raj, 1993).
Survival and growth
The result on the survival performance of B. subtilis supple-
mented diet fed PL group is given in Table 2. After 90 days
of feeding experiment, the survival performance was signiﬁ-
cantly higher (P< 0.05) in 3% BS incorporated diet fed PL,
followed by other experimental group such as 2%, 1% and
4% than the control. Similar results have been reported in post
larvae,M. rosenbergii fed with Biniﬁt, Lactobacillus sporoge-
nes, B. subtilis and Saccharomyces cerevisiae, supplemented
diets had improved the survival performance (Seenivasan
et al., 2011, 2012a–d). Improvement in survival has been re-
ported in juveniles of P. indicus fed with Lactic acid bacteria
(Lactobacillus acidophilus, Saccharomyces cremoris, Lactoba-
cillus bulgaricus-56 and L. bulgaricus-57) supplemented diets
(Fernandez et al., 2011). It has been reported that Bacillus sup-
plemented diets improved the survival in black tiger shrimp,
Penaeus monodon (Boonthai et al., 2011; Wang, 2007); in rain-
bow trout, Onchorhynchus mykiss (Bagheri et al., 2008).
In this study, B. subtilis supplemented diet fed M. rosen-
bergii PL resulted in signiﬁcant increase (P< 0.05) of weightTable 2 The growth performances of M. rosenbergii PL fed wi
supplemented experimental diets.
Parameters Control diet Experimental diets
1% BS 2% BS
S (%) 80.00b ± 3.00 85.00b ± 3.00 85.00b ±
WG (g) 0.71b ± 0.05 0.79b ± 0.06 0.83b ±
SGR (%) 0.712c ± .021 0.753bc ± 0.041 0.772bc ±
FCR (g) 3.60a ± 0.22 2.72b ± 0.17 2.60b ±
FCE (%) 0.75b ± 0.09 0.78b ± 0.11 0.83ab ±
PER (g) 0.608a ± 0.13 0.814a ± 0.18 0.853a ±
Each value is a mean ± SD of three replicate analysis, within each row
P< 0.05 (one way ANOVA and subsequently post hoc multiple compar
S, Survival; WG, Weight gain; SGR, Speciﬁc growth rate; FCR, Foo
efﬁciency rate.gain, speciﬁc growth rate, feed conversion efﬁciency and pro-
tein efﬁciency ratio. In support to these the feed conversion ra-
tio was found to be decrease (P< 0.05) in B. subtilis
incorporated diet fed M. rosenbergii PL (Table 2). Therefore
B. subtilis incorporated diets exhibited superior growth than
that of control diet. Among different level of BS the overall
growth was elevated particularly, in 3% B. subtilis incorpo-
rated diet fed prawns. This indicates the fact that this much
quantity of B. subtilis addition was required to attain superior
growth performance inM. rosenbergii PL. Similar results have
been reported in juvenile, Macrobrachium amazonicum fed
with L. sporogenes, B. subtilis and S. cerevisiae, supplemented
diets (2.0%) and yeast derivatives (2.0%) supplemented diets
(Hisano et al., 2008). It has been reported that the increase
in growth was achieved by M. rosenbergii fed with bio-encap-
sulated diet containing Lactobacillus ceremoris (Suralikar and
Sahu, 2001). Boonthai et al. (2011) showed that P. monodon
PL fed with probiotic (Bacillus sp,) supplemented diets had en-
hanced the growth performance. It has also been reported that
Bacillus spp., supplemented diets have improved the growth
performance of the rainbow trout, O. mykiss (Bagheri et al.,
2008). Merriﬁeld et al. (2009) pointed out that probioitics B.
subtilis (7.79 log cfu g1), B. licheniformis and Enterococcus
faecium (8.05 + 8.23 log cfu g1) incorporated diets had sig-
niﬁcantly improved the growth of rainbow trout, O. mykiss.
Also, Hidalgo et al. (2006) noted that probioitics Bacillus toyoi
(0.5, 1 and 2 g kg1) and Bacillus cereus (0.5, 1 and 2 g kg1)
incorporated diets had improved the growth of juvenile dentex,
Dentex dentex. It has also been reported that the signiﬁcantly
improved the growth was recorded by ornamental ﬁshes (Poe-
cilia reticulate, Poecilia sphenops, Xiphophorus helleri, and
Xiphophorus maculatus) fed with B. subtilis (5 · 108, 5 · 107,
5 · 106 and 5 · 105 cells g1) supplemented diets (Ghosh
et al., 2008). Hernandez et al. (2009) reported that Poecilopsis
gracilis fed with bio-encapsulated L. casei (0.7 · 108 cfu ml1)
has signiﬁcantly increased the growth performances. Dhanara-
ja et al. (2010) reported that probioitics L. acidophilus and
yeast S. cervisiae supplemented diets had improved the growth
performance of Koi Carp, Cyprinus carpio.
Biochemical constituents
The results on biochemical constituents (protein, amino acid,
carbohydrate, lipid, ash and moisture) of B. subtilis supple-
mentation diet fed PL group are given in Table 3. The levelsth control and different concentrations (1–4%) of B. subtilis
F-Value
3% BS 4% BS
2.50 90.00a ± 2.50 82.50b ± 2.50 5.61
0.09 1.10a ± 0.07 0.97a ± 0.10 12.37
0.032 0.883a ± 0.100 0.832ab ± 0.024 4.97
0.26 2.47b ± 0.21 2.52b ± 0.16 15.24
0.08 1.03a ± 0.12 0.95ab ± 0.17 3.01
0.26 0.897a ± 0.22 0.877a ± 0.20 <1
means with different superscripts letters are statistically signiﬁcant
ison with DMRT).
d conversion rate; FCE, Food conversion efﬁciency; PER, Protein
Table 3 The biochemical constituents of M. rosenbergii PL fed with control and different concentrations (1–4%) of B. subtilis
supplemented experimental diets.
Parameters (%) Control diet Experimental diets F-value
1% BS 2% BS 3% BS 4% BS
Protein 57.00a ± 2.18 58.20a ± 3.34 59.65a ± 3.48 62.88a ± 3.10 61.18a ± 3.62 1.61NS
Amino acid 23.40c ± 2.46 24.62bc ± 2.80 26.68abc ± 3.00 31.06a ± 2.61 29.02ab ± 2.91 3.86 NS
Carbohydrate 9.66c ± 0.98 12.00b ± 1.06 13.68b ± 1.01 16.18a ± 1.43 14.20ab ± 1.64 11.51
Lipid 6.36d ± 1.00 8.00cd ± 1.04 9.16bc ± 1.01 12.40a ± 1.10 10.20b ± 1.02 14.53
Ash 16.00a ± 1.10 16.64a ± 1.00 17.00a ± 1.30 18.08a ± 1.20 17.20a ± 1.22 1.28
Moisture 76.00a ± 3.10 75.70a ± 3.00 75.80a ± 3.30 75.10a ± 2.94 75.60a ± 3.06 <1
Each value is a mean ± SD of three replicate analysis, within each row means with different superscripts letters are statistically signiﬁcant
P< 0.05 (one way ANOVA and subsequently post hoc multiple comparison with DMRT). NS, Not signiﬁcant.
Table 4 The energy utilization ofM. rosenbergii PL fed with control and different concentrations (1–4%) of B. subtilis supplemented
experimental diets.
Parameters Control diet Experimental diets F-value
1% BS 2% BS 3% BS 4% BS
FR 0.408d ± 0.08 0.434cd ± 0.10 0.453bc ± 0.09 0.532a ± 0.10 0.488b ± 0.12 12.88
AR 0.346d ± 0.10 0.382c ± 0.12 0.408c ± 0.14 0.497a ± 0.09 0.450b ± 0.13 28.65
CR 0.145d ± 0.06 0.175c ± 0.04 0.194c ± 0.08 0.265a ± 0.07 0.230b ± 0.10 28.31
AE 0.012b ± 0.007 0.014ab ± 0.005 0.016ab ± 0.004 0.019a ± 0.010 0.018a ± 0.008 2.62
MR 0.213b ± 0.009 0.221ab ± 0.006 0.230ab ± 0.012 0.250a ± 0.010 0.236ab ± 0.014 2.58
Values are expressed as kcal/g/day.
Each value is a mean ± SD of three replicate analysis, within each row means with different superscripts letters are statistically signiﬁcant
P< 0.05 (one way ANOVA and subsequently post hoc multiple comparison with DMRT).
FR, feeding rate; AR, absorption rate; CR, conversion rate; AE, NH3 excretory rate; MR, metabolic rate.
Table 5 Biochemical characterization of isolates in control water.
Tests Bacillus sp. Pseudomonas sp. E. coli Streptococcus sp. K. neumonia B. subtilis
Gram’s staining +   + 
Motility test + + + +  
Indole test +  +   
Methyl red test   +   
VP test  +  + + 
Citrate utilization test + +  + + 
Starch hydrolases   + + + 
Gelatin hydrolases + + + + + 
Nitrate reduction test   + + + 
Oxidase test + + +  + 
Catalase test + +   + 
Glucose test A A A A A 
Lactose test A NA A A A 
Sucrose test A A A A A 
Manitol test A A A A A 
+, positive; , negative; A, acid production.
NA, no acid production.
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tionately higher in PL fed with B. subtilis incorporated diet.
These elevations were better in the 3% B. subtilis incorporated
diet fed prawns followed by the other experimental diets, such
as 4% BS, 2% BS and 1% BS when compared with control.
These differences were found to be statistically signiﬁcant
(P< 0.05). In the case of moisture content just the reverse
was recorded. Similar results have been reported in post larvae,M. rosenbergii fed with bioencapsulated L. sporogenes diets
had improved the tissues biochemical proximate composition
(Seenivasan et al., 2012a). Supportively, Seenivasan et al.
(2011, 2012b–d) noted the signiﬁcant improvement in tissue
biochemical proximate composition in Biniﬁt, L. sporogenes,
B. subtilis and S. cerevisiae, incorporated diets fed M. rosen-
bergii PL. Supportively, Saad et al. (2009) reported that
1–4% Biogen supplemented diets had signiﬁcantly increased
Figure 1 Bacterial culture plates of reared water and M.
rosenbergii PL gut. (a) Spread plate culture of control water; (b)
spread plate culture of control PL gut; (c) spread plate culture of
experimental PL gut (with B. subtilis of 332 · 104 cfu cells) and
(d) streak plate culture of B. subtilis using the extract of
experimental PL gut.
200 C. Seenivasan et al.the carcasses biochemical proximate composition of M. rosen-
bergii PL. Likewise, Venkat et al. (2004) stated the signiﬁcant
improvement in tissue biochemical proximate composition in
bio-encapsulated L. acidophillus and L. sporogenes fed M.
rosenbergii PL. Fernandez et al. (2011) reported that Lactic
acid bacteria enhanced the biochemical proximate composition
in juveniles of Penaeus indicus. Yu et al. (2009) pointed out
that Bacillus spp., (0.15% and 0.30%) incorporated diets had
signiﬁcantly increased the biochemical proximate composition
in white shrimp, Litopenaeus Vannamei. It has been reported
that Bacillus spp., supplemented diets had signiﬁcantly im-Table 6 Biochemical characterization of isolates in control PL gut.
Tests Bacillus sp. Pseudomonas sp. E
Gram’s staining +  
Motility test + + +
Indole test +  +
Methyl red test   +
VP test  + 
Citrate utilization test + + 
Starch hydrolases   +
Gelatin hydrolases + + +
Nitrate reduction test   +
Oxidase test + + +
Catalase test + + 
Glucose test A A A
Lactose test A NA A
Sucrose test A A A
Manitol test A A A
+, positive; , negative; A, acid production; NA, no acid production.proved the carcass biochemical proximate composition of the
rainbow trout, O. mykiss (Bagheri et al., 2008). Accordingly,
Merriﬁeld et al. (2009) reported that probiotics B. subtilis
(7.79 log cfu g1), Bacillus licheniformis and E. faecium incor-
porated diets had improved the body biochemical proximate
composition of rainbow trout, O. mykiss. Also, Hidalgo
et al. (2006) reported that probiotic B. toyoi (0.5, 1 and
2 g kg1) and B. cereus (0.5, 1 and 2 g kg1) incorporated diets
had signiﬁcantly improved the biochemical proximate compo-
sition of juvenile, Dentex dentex. El-Haroun et al. (2006) re-
ported that different concentration of probioitics Biogens
(0.5%, 1%, 1.5% to 2.0%) supplemented diets had improved
the whole carcass biochemical proximate composition of Nile
tilapia, O. niloticus.
Energy utilization performance
In the present study, the energy utilization of M. rosenbergii
offered diets with various levels of B. subtilis inclusions are gi-
ven in Table 4. DMRT analysis made on the feeding rate,
absorption rate, conversion rate, NH3 execratory rate and met-
abolic rate between control and the experimental groups of the
prawns was statistically signiﬁcant (P< 0.05). The exhibiting
increment was higher at 3% B. subtilis supplemented diet fed
PL followed by 4%, 2%, and 1% and the lowest value was re-
corded in control group. Similar results have been reported in
post larvae of M. rosenbergii PL fed with Biniﬁt, L. sporog-
enes, B. subtilis and S. cerevisiae supplemented diets had signif-
icantly improved the energy utilization performances
(Seenivasan et al., 2011; 2012b, c and d). Immanuel et al.
(2003) reported that the probiotics Lactobacillus and yeast sup-
plemented diets had improved the energy utilization of pearl
spot Etroplus suratensis. Dhanaraja et al. (2010) reported that
probiotics L. acidophilus and yeast S. cervisiae supplemented
diets had improved the energy budget of Koi Carp, C. carpio.
It has been reported that the growth and feed energy utiliza-
tion was increased in S. cerevisiae supplemented diet fed Nile
tilapia, O. niloticus (Abdel-Tawwab et al., 2008). It has also
been reported that the growth performance and nutrient en-
ergy utilization was higher in Biogen inclusion pellet fed Nile
tilapia (EL-Haroun et al., 2006).. coli Streptococcus sp. K. pneumonia B. subtilis
+  
+  
  
  
+  
+  
+  
+  
+  
  
  
A  
A  
A  
A  
Table 8 Overall result of microbial load in control water, control PL and experimental PL.
Sl. No. Isolate name Control water (105) Control PL gut Experimental PL gut (3% BS)
1. Bacillus sp, P P P
2. Pseudomonas sp, P P A
3. E. coli P P P
4. Streptococcus sp, P P P
5. K. pneumonia p A A
6. B. subtilis A A P (332 · 104 cfu cells)
P, present; A, absent.
Table 7 Biochemical characterization of isolates in experimental PL gut.
Tests Bacillus sp, Pseudomonas sp, E. coli Streptococcus sp, K. pneumonia B. subtilis
Gram’s staining +   +  +
Motility test +  + +  +
Indole test +  +   
Methyl red test   +   
VP test    +  
Citrate utilization test +   +  +
Starch hydrolases   + +  +
Gelatin hydrolases +  + +  +
Nitrate reduction test   + +  +
Oxidase test +  +   
Catalase test +     +
Glucose test A  A A  A
Lactose test A  A A  A
Sucrose test A  A A  A
Manitol test A  A A  A
+, positive; , negative; A, acid production; NA, no acid production.
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The qualitative bacterial study showed that the rearing control
medium had the following bacteria, such as B. cereus, Pseudo-
monas sp, E. coli, K. pneumonia and Streptococcus spp, (Ta-
ble 5; Fig. 1a). Among these bacterial species the control PL
gut was lacking of K. pneumonia and Streptococcus spp., (Ta-
ble 6; Fig. 1b). In the experimental PL, all other species except
Pseudomonas and K. pneumonia were identiﬁed. The colony
establishment of B. subtilis at the rate of 332 · 104 cfu cells
was observed (Tables 7 and 8; Fig. 1c and d). All necessary
conﬁrmation biochemical tests were performed and the results
were presented (Tables 5–7; Fig. 1). In agreement with the
present ﬁndings, Seenivasan et al. (2012a–d) and Zhang et al.
(2009) stated that the dietary probiotics L. sporogenes, B. sub-
tilis and S. cerevisiae and probiotic B12 had signiﬁcantly in-
creased the total bacterial counts in intestines of the M.
rosenbergii and Fenneropenaeus chinensis respectively. Robert-
son et al. (2000) found that a great deal of probiotics can be
detected in the shrimp intestine even after 3 days of withdrawal
of the probiotic diet. Rengpipat et al. (2000) reported that the
Penaeus monodon, fed diets concentration of probiotic Bacillus
S11 reached mean levels of 106 cfu g1 of gut when adminis-
tered doses in food ranged between 1.39 · 1010 and
4.69 · 1010 cfu g1. It has been reported that probiotic Bacillus
sp, was able to colonize the culture water and the shrimp, P.
monodon digestive tract and this spp, can also replaced the Vib-
rio spp., in the gut thereby increased the survival (Rengpipatet al., 1998). It has also been reported that the probiotic bac-
terial colonies established in the intestine of the rainbow trout,
O. mykiss fed with Bacillus spp., supplemented diets (Bagheri
et al., 2008). Suzer et al. (2008) reported that the probiotic
bacterial colonies established in the intestine of ﬁsh in sea
bream, Sparus aurata fed with Lactobacillus spp., incorporated
diets. Sreedevi and Ramasubramanian (2010) reported that
the probiotic bacterial colonies established in the digestive
tract of ﬁsh, P. recticulata fed with bio-encapsulated L.
acidophilus.
Conclusion
The present attempt concluded that the selected probionts, B.
subtilis on individual from at optimized concentrations was
found to be enhanced the survival, growth, nutritional indices,
tissue biochemical components and energy utilization of reared
prawn M. rosenbergii. Further research on the diets produced
with optimized concentration of the chosen probiotic organ-
isms may be evaluated under ﬁeld condition in the candidate
species M. rosenbergii.Acknowledgement
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